In Coimbra city, Portugal, the riverbanks have suffered several floods events in the past, due to its hydrological regime, the low slope and consequent lack of capacity of the Mondego River in its final 30 km. The construction of several dams in the upstream part of the river catchment has improved the use of the hydraulic capacity of the river system and reduced the number and intensity of flooding events in Coimbra. Nevertheless, intense rainfall events combined with inadequate procedures of the dam operation rules and lack of monitoring of sediments dynamics can still originate inundation in Coimbra such as those registered between 9th and 11th of January 2016. This work presents modelling scenarios demonstrating the influence of the sediment accumulation into the riverbed and its effect on the water levels. It also presents the influence that piers from a new bridge can have into the river flow dynamics.
Introduction
Historically, the region of Coimbra has suffered from frequent flooding events caused by the Mondego River that crosses the city. In the 70s, a large plan of constructions started and several dams were built: Aguieira Dam, Fronhas Dam, Raiva Dam and Coimbra Dam (Figure 1) (Hidroprojecto, 1978) . These constructions have significantly reduced the occurrence and magnitude of inundation downstream. Nevertheless, intense rainfall events combined with inadequate procedures of the dam operation and lack of monitoring of sediments dynamics can still originate significant floods in the river banks in Coimbra, such as the ones registered in 2000, 2001 and 2016. Although these floods were smaller than the ones before the construction of the dams, they have reached important infrastructures of the city, such as the Choupalinho and Parque Verde recreational
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Volume 3, 2018, Pages 1814-1821 HIC 2018. 13th International Conference on Hydroinformatics areas, and the Santa Clara Monastery, a historical touristic area. On the other hand, a new bridge was built with its piers foundations on the riverbed, and extraction of sediments at this river section was cancelled since the 90s (Martini et al., 2004) . This paper presents the methodology and results from the simulation of the river floods from January 2016 in Coimbra. It evaluates the impact of the river bed (bathymetry) and the effect of the piers of the new bridge in the water levels and consequent flooding areas.
Case Study
The Mondego river has a 258 km extension, it starts at an altitude of 1525 m (Serra da Estrela) and ends at the Atlantic Ocean near the city of Figueira da Foz. The catchment has an area of 6644 km2,a Mediterranean climate with strong seasonal flow variation, well-defined drought and wet periods oscillating from an annual average of 1213 hm 3 in a dry year to a 4032 hm 3 in a rainy one. The main tributaries of Mondego River are Dão, Alva and Ceira rivers. Aguieira Dam is located on the Mondego River and Fronhas Dam in Alva River. Near the city of Coimbra, Mondego also receives a contribution from the Ceira River. In Coimbra, there is a multi-purpose mobile dam-bridge that creates a water mirror (small reservoir) (Figure 1 ). The hydraulic behaviour of the system is strongly affected by the operational rules of the upstream Aguieira Dam (INAG, 2011) .
Methodology
In this study, the following information was used: topography of the flooding area; river bathymetry The digital elevation model was build taken into account the different topographic information from the critical area in Coimbra. To study the effect of the batimetry, two different input files for the Figure 2 shows the bathymetry of the river in the study area in the years of 2001 and 2008. Due to the flat profile of the river bed in Coimbra city, there is a considerable accumulation of sediments, elevating, in average, the river bed profile aproximattely 0.50m to 1.00m in some locations.
The hydrodynamic modelling was a combination of 1D and 2D modelling, using the Saint-Venant equations (Chanson, 2004) . The upper part of the catchment from the Aguieira Dam to Coimbra is a narrow valley. Consequently, the hydraulic modelling was done using 1D approach, using crossectional river information. The critical area (Coimbra) was analysed using a 2D approach. Figure 3 represents an overview of the hydrodynamic modelling approach. The 2D model received the 1D outflow as the upstream boundary condition. The downstream boundary condition was represented by the rating curves of Coimbra Dam. The boundary conditions (river inflows) were given by the records of Aguieira and Fronhas Dams discharges and by records in existing hydrometric stations (SNIRH, 2016) . Also, the contribution given by the Ceira River into the Mondego River was represented as a lateral inflow using recorded flow information. Firstly, the model calibration was done using reference values from the flood event of 2001. For this purpose, four control sections were established with reference values: Ponte de Santa Clara, Choupalinho, Clube Náutico e Ponte Europa ( Figure 5) .
Additionally, the resulting floodplain was compared with a previous study, (Santos et al., 2002) .
Figure 6 Floodplain estimated in Seabra et al., 2002 followed by the Floodplain of the new simulation and the overlapping of both scenarios
Secondly, the flooding of January 2016 was simulated using the most recent bathymetric (2008) and the hydrograph of 2016. The main objective was to demonstrate that the flow condition generated during that event were able to represent the floodplain inundation correctly.
This event caused floods in the important historical area of Coimbra. To cause that inundation, the water would have to flow through pedestrian tunnels that links inundated areas to the river under a road located along the left river bank. The comparison between the level of the tunnel base and the river level evidence that the water levels were high enough to cause such inundation by the water flowing through the tunnels (Figure 7 ). The calibration of these events was challenging due to the usual uncertainty in the runoff quantification and the lack of a more recent bathymetry.
The calibrated model was then used to make the proposed analysis and comparisons:
• Evaluation of the impact of the river bed (bathymetry) into the water level during the flooding event.
• Analisys of the flow dynamics around the pillars of the new bridge.
• Simulation of different maximum flow profiles as upstream boundary conditions and its consequences for Coimbra.
Results
Results section will present bathymetric analysis, evaluation of the rainfall event of January 2016 and its consequences, the flow dynamics around the pillars of the bridge and analysis the impact of different maximum flow profile into the inundated area at Coimbra
Bathymetric influence on water depth
Results of two simulations were compared, considering identical simulation parameters, using the hydrograph of 2001 as an upstream boundary condition, and two different river bed profiles. The first simulation used the bathymetry from the year of 2001 and the second simulation used the 2008 bathymetry. Figure 8 presents the water level longitudinal profile for both simulations. It can be seen that the accumulated sediments between 2001 and 2008 have a significant impact on the water levels, increasing the water level in approximatelly 0.5m. This means that for identical flood discharges higher river water levels are reached along the urban river stretch. (Figure 9 ) and that the water levels are higher on the upstream part of the structure. Moreover, local scour problems may occur at the piers foundations at this location. The combined 1D/2D hydrodynamic modelling approach was effective to simulate the flood inundations of a urban river stretch. The method that made use of the complexity of the 2D model just in the interest zone was able to simulate different historical observed flood scenarios.
The study was able to demonstrate that sediment accumulation on the river bed affects the water level profile significantly along the river. Consequently, it is important to monitor the river bathymetry in such a flood-prone region. Bridges and structures can increase the flow resistance and consequently increase the risk of flooding upstream their location.
The event of January 2016 has highlighted the needs of additional flooding protection measures to prevent the historical area from being inundated.
Flood studies should be updated frequently, following changes in sediment accumulation and/or the construction of new hydraulic structures into sensitive areas of flood vulnerable water system.
